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Abstract 

The results are presented for a radioecological survey of Che 
Trinity Site environs, where the world's first (July 1945) atomic 
bomb was detonated. The temporal behavior of the low environmental 
levels of the plutonium produced by this detonation are discussed. 
The data from this study were compared with similar data obtained 
in the Trinity Site environs nearly 20 years ago. The major change 
which was observed was an increased migration of Pu into the soils. 
Concentrations of Pu in vegetation and rodents were: tco low to make 
valid comparisons. 

Introduction 

An ecological investigation of plutonium was initiated in the fallout path
way of Trinity, the first nuclear detonation, which occurred on July 16, 1945 
in southern New Mexico. Trinity Site was especially Interesting as a study area 
because of the "aged" nature of the radioactive debris distributed in the area. 
In addition, it was of interest to gather ecological data on plutonium in the 
xeric Trinity Site environs to compare with similar data being gathered in 
several semi-mesic ecosystems at the Los Alamos Scientific Laboratory in north
ern New Mexico.1 

The data presented in this paper were obtained from samples gathered during 
one sampling period in the Trinity Site environs on September 27-28, 1972. The 
primary objectives of this effort were to survey the plutonium content of a few 
ecosystem components and to measure the field gamma radiation intensity as a 
function of distance from Ground Zero (GZ) some 27 yearn after the detonation 
to facilitate the design of more Intensive studies. 

Methods and Materials 

Trinity Site, a fenced area immediately around GZ, is located in the semi-
arid northern portion of the Tularosa Basin about 40 miles SW of Socorro, X*w 
Mexico, on the White Sands Missile Range (Fig. 1). A general description of 
the physiography, climate, vegetation and mammals of the area around Trinity 
Site can be found in various references. *»•'•* 

A transect was established along the reported fallout pathway of the 
nuclear debris from the detonation (Fig. 1), utilizing maps constructed by 
University of California scientists in 1948.5 Nine sampling locations were 
established on the transect, two in the GZ area, and the remainder at 8 ka in
crements to a distance of about 56 km from GZ. 

One soil core was taken at each location with a disposable 30 cm section 
of 2.4 cm diameter polyvinyl chloride pipe. The pipe and contained core from 
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Fig. 1. Sampling transect utilized for the radloecologlcal rasurvay of Trinity. 

each station was sealed in a plastic bag, frozen on return to the laboratory 
and sectioned into a 0-2.5 cm, 2.5-7.5 cm and 7.5-30 cat segment. 

A sample of the moat abradant forb, grass, and shrub/tree species was col
lected where possible and was Individually sealed in plastic bags. Samples In
cluded the above-ground portions of the grasses and forbs and the terminal 
leaves and stems of the shrub/tree species. Dust on the plant surfaces was not 
removed prior to analysis. 

Rodents were collected with peanut butter baited snap traps and vera bagged 
and frozen for later dissection. Tissues analysed for plutonium included lungs, 
liver, hide, and carcass (skeleton and skeletal muscle). Care was taken during 
the dissection to avoid cross-contaminating the soft tissues with hair fro* the 
pelt. 

Trinitite, the fused soil material formed by the intense heat produced by 
the detonation, waa also collected to determine its plutonium content and to 
identify the gamma emitters present. 

Analytical procedures for plutonium included a combination of wet-dry 
ashing techniques utilizing a muffle furnace and HHOj-HF solutions followed by 
ion exchange column separation of Plutonium, electrodeposltlon and alpha ray 
spectroscopy for both 233Pu and 23»Pu. The minimum sensitivity of the alpha 
counting system based upon background counts during a 24 hour period was 0.03 
pCi 23«Pu or H^Fu/ssmple (a - 0.05). 

All soil end vegetation samples contained sufficient *u and/or ware of 
sufficient mass to reduce the relative counting standard deviation on each 
sample to less than 25 percent (1 a ) . However, the generally low Pu content 
and small mass of certain rodent tissues resulted la relative counting standard 
deviations of as much as 109 percent. The standard errors associated with the 
rodent data presented later, reflect this fact. 
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Direct aeasurecsnt of radiation in tha field was accomplished with a 
Ludlua Medal 12S Count Kate Meter, which ctilfses a Kal (Tl) scintillation 
detector, for in situ environmental tsnoa radiation aeasureatnts. this Instru
ment 'a ruadout was calibrated to five a proper "iiR/h" reading with *°Ce gaceu 
rays. Curing the survey, the instrument vas held at about 3 feet above the 
ground surface and the observed rate noted and recorded at the respective loca
tions. Because of an inherent photon energy-dependent respor.se, all readings 
obtained with the Ludlust were eonulixed, using 10 Los Alaaos Sclentif ie Labora
tory envlrooaonta! radiation dosimetry stations which utilise Li* thersoiuata-
eacent doeiaecers (TU» for background radiation asesureaents.* Dosteetrlc 
values obtained iron these- TUB aateriele have been shown to be essentially 
Independent of radiation energy and, therefore, provided a basis for the correc
tion or normalisation of the Ludlua Model 125 aeter readings. Th* normalisa
tion assumed unifor* photon spectral distribution. Iha observed average ratio 
of TLD-determlned exposure rates to the survey aeter measurements was 0.70. 

basalts and; Discussion 

The Pu content (2"Pu and 2 M P u ) of all saaple types as a function of dis
tance fro* CZ is presented in Tabic 1. 
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D M Pa data far vegetaclee (fCi/g vat) v a n asmaarised aeeordiag to the 
, type af pleat (grass* fat* or shrub/tree) ta pravide seme seal* far vlewlag fa 
aeaeeatretiea gradieate vita dlstaacea fraa CZ aiace aeae af the plaete vera 
fewad at every eaapliag atatiaa. Crass species iacladad Trleaas aaleaallas. 
gaerebeles fff|ltr| —* fflf'o^m tfftffs aaila the farb catagaryiaclwced 
Mtrabllia aaltlflara. Coavia CoaTtorl. Pttavrea Wiallaeat. aaaaaeateahaa 
baatllf aad Halllatas flays. All tea grass and fata species vara generally leee 
Cms* W ca tall; the ehrab/tree apecles which iaclwdad Atrlalea caaetceas. 
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iarroo trJiangata. lycluo Aojarsowtl. Juoteoros aonoaoaraa and Khoa aacroohyUa 
von gOMtrolfy grootor than M ca M i l . 

11M rw oato for roo*a« clssoss (ICt/g u«t) wtr* alto suaMtliao vtttwut 
i»t>ri to sssclts I I K H N cho laaso«uat« M b t r of sax* los i l i not strait a 
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jEiIisesss* ?ifSKf£«.» js«ifia î|os* £• £*%<& SKstsaa Jnwww*;* fieiae 
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Ik* Pa cMcoaeraeloM So asay of tns oalT con H p H U (taolc 1) van 
aigsificMCly atom tockgtooai. lavols is C* M i ls «wco as bock as 10* class 
algtor ctoa CM 10-100 fCI ta/g which has M M nsortsi for son*ol Maw Msxtee 
a i M M i l s . ' A MjrfMB of M M MO, 900 fCI fa/g M S otoami s t S Z l a toch 
too 0-2.- M asi too 2.$-" 5 at eon n o m t i . I ta BOHISM (WMMtntloo i» 
aos-CZ M i l <M<2 fCt/g) ws Maswni la tte 0-2.5 ea ssgnat *iaa C M 56.4 I n 
ssaollag O M C I M . 

las fa oats for M i l s ftoa tto CZ aai 0.1 to O M & O M M M O C ho coaaani 
vita tto oats for too raaslaiar of CM CCMMSC tocaass C M ana acsaai 02 M O 
MMMlcsl ly i iatartoi shortly of cor CM M C O M C I M la a* ofcase ta vaaaca w r -
fa«a railnaeliaa oMCaaiMCloa. Oroaai loro, for omaplo, M M eovoroi with at 
lOMC 15 OB Of MCMtMlMCaj M i l M i CM OTM OWMi CM 0.1 M StStlM MS 
Mrsooi co roMvo C M I r la i t i to lyiag M CM graasi aaxfaM. las Ugh ta C M * 
O M C M C I M la C M 0-2.5 ea MgMat of C M OX M i l ssaalo (Tssla 1) laiicsta* 
aittor 1) C M ovortorowtag M S aot tMcassfalt 2) CMC cks aswrai fa aai 
aagncai ta CM M i l owftcst or 3) Case C M swrtsraaa aai olowa May ovar 
CM Mot 27 yasm* CMS sasssiag cto SMCMISSCSJ soi l . 

tat fa OMCMtraclMS la cka 0-2.5 m MgMat gMsralily iacraaMi coaari 
C M i ls ta l aai of C M MMitac crsaaace aai toseasi a M X I I U B ae tto 55.4 te 

• i . a a^-* otsttM. OialMa at a l . * , sarlag afforta ta aaa CM fallowc M M f n a Trlalcy 
also aotoi CMC C M Mgtoot to ooMMtrocloa la Mi ls * yoaatatloa aai Ma l l 

aacaiaa CM 02 ana ossarni assac 45 tm froa tfZ. 

Xto n r c l M l i iscr l tot lM of fa M O ttlaclmly walfon la Mac af C M M M 
1 M fma 62 ca CM 24.1 as scaclM. thia saggiitil CMC fa valca vao l a l t l -

a l ly aaaMicai M C M M i l sat-fan M M M M 27 yaan aao M i aigracsi M 
laaoc 30 M laco CM sail a n f i l a . 0a cfea octer M a i , cha fa la soils f n a 
iioCMSsa grastor ctaa 24.1 to M O lasraaslagly MMMCcacai la cao asoor 2.5 
a*. OlsfSM M al.» aai OlafsM M i tacMa9 raaaccai CMC CM fa la Trialty 
ana M i l s aaoac 20 y a v i aaa M S SIMOC M t l M l n l y Maflasi to CM cap 2.5 « • 
of soU. 

faacan ooali SISSMC far a iiffonoao la cba M M af vortical alar*-
d M af fa la aaila, iaolailac ilffarasaM la CM laaalcsl M i aayalcal fain af 
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Iha Pu data (or rodant tlaauaa in Table 1 ahow a considerable variability. 
Sourcea of thla variability would Include aaong other eh Inc. epecies differ
ences, the low Pu content of the tlaauaa yielding generally poor counting statis
tics, and an iaaufflclant nuaber of aaaplea. 

In general, rodent lungs had the highest aean Pu concentrations and exhi
bited a pattern with dlataaee froa CZ that waa aiallar to the 0-2.5 en layer of 
aall and the graaa. Lung deposition of Pu suggested that reeuspeneion of soil 
•ay be an important aaehanisa in eh* biological redistribution of. Pu. Other 
Investigators have noted high lung concentrations in aaall frae-roaalog 

Iha activity ratio* 23*Pu/23*Pu for all eaaple types are suaaarlxed in 
Table 2. The ratloa for tha 0-2.5 ca and 2.5-7.5 ca core aegaenta averaged 19 
and It, respectively, while the 7.5-30 ca eegaant averaged 9. The aean values 
tor vegetation were about i-12 and about 0.5-2 for rodent tissues. The signi
ficance of the decreasing S3*Pu/*3*Pu ratio froa soils to vegetation to rodant 
tleeaao is not clear at this tlae. It aay Indicate that 23**u la the Trinity 
•avirans is aore aobile than *3"Pu. 
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The Pa ceateat af thraa aaaplea of Trlaltite froa CZ aaaaarad 3.2 aCi/g, 
1.5 aCl/g aad 1.2 aCi/g with aa average ™»ra/« iI» ratio of 21 + 0.S (1 « ) • 

Pa eeaiaattatians are aeaat aa order af aagaitase higher than the Pa con-
la CZ anils. The ***aa aaaaaatratlaas af tha Trlaltlta saaplaa 

0.S aCi/g, 0.024 aCi/g aad 0.033 aCi/g. Prellalsary data frea radlo-
il stadias at loa alaais* Indicated that ***«• aay eater biological eaelfsisal 

ayataaa to a greater degree than Pa aad, ceaaecacatly, aay be of ae*el or 
greater Iapartaata thaa Pa as a csarsalaaat la aataral a ayai 
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The sverag* greea gaaaa radiatisa aeaeurescata obtained •staid* tha CZ area 
vara aat aigaificaatly dlffereat fraa the aaaaaraaaata obtained at reaate leea-
tieaa ar what eeald ha aaaaldared to be the aataral background radiation levels 
far tha central haw Htsiee a n a . 7 Mnaaarad valuta af radlatlea al*o fall within 



the t«n|i of 12-20 vR/h suggested by Cowan13 as being normal for eh* northern 
Whit* Sand* Missile Rang* elevation depending on the geological composition of 
the earth'* crust. The oeasured values within CZ wero significantly above 
background levels and approached a aaxiaua of one aR/h under the aeasureuent 
circumstances noted previously. 

Results of this preliminary investigation indicated that the general pattern 
of Pu distribution in soils, vegetation, and rodents as s function of distance 
froa GZ was stellar to the findiags of Leitch5 and Oiafson et al.* However, 
there has been an increased migration cf Pu into the soils sine* th* last mea-
sureatnts were n H a about 20 years ago. Concentrations of Pu in all sampla 
type* of th* present study were generally similar to th* finding* of 20 year* 
ago at Trinity Sit*. Sovevcr, eh* limited number of samples analysed in th* 
pr*s*nt study does not allow an adequate comparison, and more raflned studies 
«r* currently in progress. 
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